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Abstract
Cellular requirements for deoxyribonucleotide (dNTP) pools during DNA synthesis are related to ensuring of the accuracy
of DNA copying during replication and repair. This paper covers some problems on the reactions of dNTP synthesis system
in organs of animals against the treatment with DNA-damaging agents. Ribonucleoside diphosphate reductase (NDPR) is
the key enzyme for the synthesis of dNTP, since it catalyses the reductive conversion of ribonucleotides to
deoxyribonucleotides. The results obtained show that the rapid and transient increase in NDPR activity in animal organs
occurs as cellular response against the treatment with DNA-damaging agents (SOS-type activation). We have also found the
intensive radioprotector-stimulated activation of deoxyribonucleotide synthesis as well as DNA and protein synthesis in mice
organs within 3 days after the administration of two radioprotectors, indralin and indometaphen, that provide the high
animal survival. Our studies suggest that these effects are the most important steps in the protective mechanism of the
radioprotectors and are responsible for the high animal survival. ß 1999 Elsevier Science B.V. All rights reserved.
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1. Introduction
Contemporary understanding of the organisms de-
fence mechanisms against extreme physical and
chemical environmental factors assumes the existence
of two clearly de¢ned stages: early SOS-response to
the damage and subsequent adaptation. The SOS-
response is directed at elimination of DNA lesions,
the adaptive response (compensatory restorative re-
actions) at restoration of the cells and cellular me-
tabolism. The SOS-response plays the important role
in protecting of cells genetic apparatus from damage
[1^10]. There are a few indications that mammalian
ribonucleotide reductase is a DNA damage-inducible
enzyme [6,7,9]. Besides, it has been shown that ribo-
nucleotide reductase may be important for excision
repair [8,10]. The accuracy of DNA copying during
repair and replication depends not only on the activ-
ity of the enzymes involved in these processes, but
also on the concentrations and the ratio of their sub-
strates, deoxyribonucleotides (dNTP). DNA synthe-
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sis requires that the supply of the four dNTP types is
continual and balanced [11]. The biosynthesis of
dNTP in cells is the ¢rst step in DNA synthesis
and is crucial for the ability of cells to proliferate
[11]. The metabolic pathway of ribonucleoside 5P-di-
phosphate (NDP) incorporation into DNA molecule
has a rate-limiting stage, the synthesis of deoxyribo-
nucleoside 5P-diphosphates (dNDP), catalysed by ri-
bonucleoside diphosphate reductase (EC.1.17.4.1).
NDP ÿ!NDPRdNDP ÿ!NDPKdNTP ÿ!DNA polymeraseDNA
Active NDPR contains a tyrosine free radical and
dinuclear ferric iron centre located in the M2 sub-
unit, which are necessary for the manifestation of the
catalytic activity. The intensity of the EPR signal
produced by NDPR is proportional to its biochem-
ical activity. This made it possible to use the EPR
technique for controlling the enzyme activity in ani-
mal tissues in situ. The EPR spectrum of active
NDPR in animal tissues is doublet with a hyper¢ne
splitting of 20 G and g-factor of 2.005. The EPR
signal of NDPR has been registered in high prolifer-
ative tissues such as spleen, bone marrow, thymus,
leukaemia cells, tumours, and organs of newborn
animals during neonatal development [12^16].
The results of our study have shown that the acti-
vation of radical enzyme NDPR in animal organs
occurs as cellular response against the treatment
with DNA-damaging agents. Besides, we have ob-
served the radioprotector-stimulated activation of
DNA precursor synthesis as well as the radioprotec-
tor-stimulated DNA and protein synthesis in animal
organs. It is reasonable to think that in our experi-
ments the high survival of animals Q-irradiated by the
lethal dose is due to the radioprotector-stimulated
activation of deoxyribonucleotide synthesis, since
rather large and balanced dNTP pools are necessary
to provide emergency e⁄cient repair of radiation-in-
duced DNA lesions and to prevent the post-irradia-
tion formation of new DNA lesions.
2. Materials and methods
2.1. Animals
In this work we used adult male mice of the
(CBAUC57BL)F1 strain, SHK mice, mongrel white
albino mice weighing 20^23 g on average, grey new-
born rats (5 days old), and healthy dogs of either sex
weighing from 10 to 23 kg. In the case of newborn
rats each experimental value was obtained from the
animals of one litter (10^15 rats per litter): one half
of the animals served as controls, while the rest were
used as the experimental animals.
2.2. Sample preparation
Animals were exposed to di¡erent doses of Q-radi-
ation from a 60Co sources (EGO-2, GUBE and
LUE-8). Radiation doses ranged from 0.25 to
16 Gy, and the dose rate was 0.22 Gy/min (EGO-
2), 0.409 Gy/min (GUBE) and 18 Gy/min (LUE-8).
Mice and rats were killed by the instantaneous de-
struction of their spinal cords at the di¡erent post-
irradiation times. Spleen, bone marrow and liver
were extracted within 15^20 s and frozen in liquid
nitrogen. To characterize the radioprotectors, we an-
alysed the survival of irradiated mice and dogs given
indralin and indometaphen (the Institute of Biophy-
sics of the Russian Department of Health). Indralin
was injected intramuscularly (i.m.) to dogs at 15 mg/
kg and intraperitoneally (i.p.) to mice at 100 mg/kg
15 min prior to irradiation. Indometaphen was given
per os to mice and dogs at 30 mg/kg 5 days before
irradiation. The animal survival was the highest
under this regime of administrations. Indralin
showed a signi¢cant protection of animals: 93%
(P6 0.001) survival of control for dogs with their
LD100=45, and 85% (P6 0.001) survival of control
for mice of the (CBAUC57BL)F1 strain with their
LD95=30. The most explicit protective e¡ect of indo-
metaphen was 90% survival of control for mice with
their LD 85=30 and 80% survival of control for dogs
with their LD80=45.
To measure the EPR signal of active NDPR, S-37
ascites sarcoma cells and S-37 solid tumour of SHK
mice were taken on the fourth day after transplanta-
tion. S-37 ascites cells taken from intraperitoneal
cavity of mice were washed in 0.9% NaCl. Cells
were centrifuged at 2^5‡C for 10 min at 2000Ug
and used for preparing samples (4U106 cells/0.2
ml). Methylnitrosourea synthesized in our Institute
was injected i.p. to mongrel white mice at dose
80 mg/kg in 0.1 ml physiological solution. The intact
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mice were chosen as the control animals. 0.1 ml
physiological solution was injected into the animals
of control groups. One mg/g of metronidazole (Tri-
chopol, Poland) and 0.1 mg/g of nitrofuran deriva-
tive NF-100 (the Institute of Organic synthesis of
Latvian Academy of Sciences) in physiological solu-
tion were injected i.p. to SHK mice with S-37 solid
tumour and S-37 ascites sarcoma. Cycloheximide was
injected i.p. to male albino rats at a dose of 3 mg/kg.
2.3. Methods
A Bruker ER-220 D spectrometer (Germany) was
used to measure the EPR spectra of di¡erent animal
organs. EPR spectra of NDPR tyrosyl radicals were
recorded at 77 K, at 200 mW microwave power using
modulation amplitude of 0.5 mT. Doublet splitting
in EPR spectrum of NDPR tyrosyl radicals is ex-
plained by the interaction of the unpaired electron
localized at C1-atom of the aromatic ring with one
proton of the methylene group of tyrosine residue.
The tyrosyl radical appears as the result of one-elec-
tron oxidation of tyrosine by ferric ion located in
subunit M2. In this radical the spin density is delo-
calized over the aromatic ring. The tyrosyl radicals
are formed in the presence of oxygen and stabilized
by an iron centre [11,12]. In animal tissues as well as
in tumour cells [12], the EPR signal intensity of the
enzyme was not saturated up to microwave power
200 mW at 77 K. The EPR signal intensity was op-
timal at 77 K. This value was 60% of optimal value
when the temperature of the signal registration was
elevated up to 103 K.
[3H]Thymidine (10 WCi per mouse and 100 WCi per
rat; speci¢c radioactivity, 25 Ci/mM; Izotop, Russia)
was introduced i.p. 50 min before the animal was
killed. The protein synthesis rate was determined
by [14C]leucine or [14C]protein hydrolysate of Chlo-
rella incorporation (Izotop, Russia) using 5 WCi per
mouse (speci¢c radioactivity 1 WCi per mg of protein)
or 50 WCi per rat i.p. To measure the RNA synthesis
rate, [3H]orotic acid was introduced using 5 WCi per
mouse (speci¢c radioactivity 13 Ci/mM). The radio-
activity was measured using an SL-30 scintillation
counter (Intertechnique, France). The biosynthesis
rate was expressed as a number of impulses per milli-
gram protein (DNA or RNA) per minute. After
chemical fractionation of tissues or cells, protein con-
centrations were measured by the method of Lowry
et al. [17], RNA concentration was measured accord-
ing to [18] and DNA was assayed by the method of
Burton [19]. NDPR activity was also measured by
using the isotopically changed [14C]cytidine (speci¢c
activity 22 Ci/mM) as substrate at dose 5 WCi per
mouse 1 h prior to death [13].
3. Results
3.1. Emergency activation of ribonucleotide reductase
in animal tissues as the response of organism
against the treatment with DNA-damaging agents
Fig. 1 shows the typical time-dependent changes of
NDPR activity and RNA synthesis rate in spleen of
mice irradiated at 6.5 Gy. Shortly after irradiation
(0.5^1 h), the signi¢cant increase in NDPR activity in
spleen was registered. The increase of RNA synthesis
rate in spleen and liver was also observed. After 3 h,
Fig. 1. Time-dependent changes in the ribonucleotide reductase
activity and RNA synthesis rate in organs of mice irradiated at
6.5 Gy. (1) Ribonucleotide reductase (NDPR) activity in
spleen; (2) RNA synthesis rate in spleen; (3) RNA synthesis
rate in liver. Axis of ordinates: relative values for these indices,
Iexperiment/Icontrol ; the intact mice have been chosen as the con-
trol animals. Each experimental point represents the average
value for 15 mice from three independent experiments. The
average value does not di¡er from individual value measured
for each mouse by more than 15%. Axis of abscissa: the time
after irradiation; after 24 h the time scale has been changed.
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the NDPR activity in spleen began to decrease.
Within 12 h its value dropped down to 60% of the
control. This e¡ect was related to the decrease in the
enzyme concentration, since during this time the pro-
tein synthesis in spleen and liver was suppressed al-
most by 50% and 40%, respectively (Fig. 2, IA, IB;
curve 2), and the degradation of NDPR occurred
due to the short half-life time (3 h) of NDPR sub-
unit-protein M2 [11]. The recovery of NDPR activity
and the rate of RNA synthesis was observed on the
second to third day after irradiation of mice. Thus,
the existence of at least three stages in the time-de-
pendent changes of NDPR activity in organs of ani-
mals subjected to irradiation must be postulated: (i)
the early emergency activation within 0.5^1 h (SOS-
type activation), (ii) the following inhibition (6^24 h),
and (iii) the compensatory recovery by the third day.
Shortly after irradiation, the explicit increase in
NDPR activity was also observed in the spleen of
newborn rats (Table 1). The activity was kept at an
elevated level for several hours. To elucidate the spe-
ci¢city of the activation of NDPR in animal organs
to various agents that damage DNA or block DNA
replication, a variety of them were tested for their
e¡ects on stimulation and inactivation of NDPR
(Tables 1 and 2). Besides ionizing radiation, a few
mutagens, such as methylnitrosourea and diethylni-
trosoamine, as well as nitrofuran radiosensibilizators,
Fig. 2. The changes of the protein (I) and DNA (II) synthesis rates in the spleen (A) and the liver (B) of mice following Q-irradiation.
1, indralin (100 mg/kg) was administered to intact mice; 2, after irradiation of mice at 6.5 Gy; 3, after the injection of radioprotector
indralin (100 mg/kg) 15 min before irradiation and irradiation at 6.5 Gy. The protein and DNA synthesis rate was determined by the
[14C]leucine and [3H]thymidine incorporation (cpm per mg). Relative values of the synthesis rate, Iexperiment/Icontrol, are presented; the
intact mice were chosen as the control animals. Each experimental point was obtained as the average value from spleens and livers of
15 mice.
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have been shown to cause the activation of NDPR in
animal tissues and tumour cells. One hour after the
administration of metronidazole to S-37 sarcoma
bearing mice, we observed a 1.4-fold and 1.25-fold
increase in NDPR activity in spleen and tumour,
respectively. Similar e¡ects have been observed with
the injection of nitrofuran derivative. The increase in
NDPR activity observed shortly after the injection of
metronidazole was temporary, and 1 h later the ac-
tivity began to decrease. The biological activity of
methylnitrosourea was associated with its alkylating
and carbamoylating e¡ects on DNA and proteins.
We have shown that a single injection of methylni-
trosourea caused the NDPR activation in mouse
spleen, and the enhanced activity was maintained
within 6 h. This ability of splenocytes to respond
by increasing NDPR activity was also noted when
methylnitrosourea was injected repeatedly after a
2-day interval. The main conclusion which can be
drawn from these results is that the cellular response
to DNA damage in animal organs is manifested as
the emergency activation of dNTP synthesis. There is
the correlation between NDPR activity and the rate
of RNA synthesis (Fig. 1); therefore, we suppose
that the activation of NDPR is due to the enhanced
rate of the synthesis of the M1 and M2 mRNAs.
This conclusion is in agreement with the results of
previous work [6,9]. The blocking of protein synthe-
sis with cycloheximide at concentrations suppressing
translation by 95^97% had no e¡ect on the spleen
NDPR activity within 3 h after an injection; there-
after the activity of the enzyme rapidly dropped. The
possible explanation may be that the maintenance of
NDPR activity for 3 h under conditions of sup-
pressed protein synthesis is determined by the life-
time of M2 subunit of the enzyme (3 h). The follow-
ing decrease in the enzyme activity was due to the
NDPR degradation, since cycloheximide suppressed
de novo synthesis of subunits M2 and M1. The in-
hibition of protein synthesis had no e¡ect on NDPR
gene expression shortly after cycloheximide injection
[1].
Table 1
E¡ects of di¡erent agents on the SOS-type activation of ribonucleotide reductase in animal organs and tumours (Iexp/Icontrol)




Q-Irradiation, 6.5 Gy Spleen of mice 1 h 1.60 þ 0.28a
Spleen of newborn rats 1 h 1.55 þ 0.18
Methylnitrosourea, 80 mg/kg Spleen of mice 1 h 1.38 þ 0.06
6 h 1.41 þ 0.04
Metronidazole, 1 mg/g Spleen of mice with S-37
sarcoma
0.5 h 1.20 þ 0.10
1 h 1.42 þ 0.11
S-37 sarcoma 1 h 1.25 þ 0.15
Nitrofuran (NF-100), 0.1 mg/g Spleen of mice 0.5 h 1.17 þ 0.05
1 h 1.30 þ 0.16
Spleen of mice with S-37
sarcoma
0.5 h 1.15 þ 0.05
1 h 1.27 þ 0.10
Local irradiation of tumour at 30 Gy after
NF-100 injection
Spleen of mice with S-37
sarcoma
0.5 h 1.53 þ 0.07
Local irradiation of tumour, 30 Gy Spleen of mice with S-37
sarcoma
2 h 1.20 þ 0.10
Data are expressed as mean þ S.E. from 10^15 samples.
aAlso measured by comparing the RNA synthesis rate and found the ratio Kexp/Kcontrol to be 2.2.
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3.2. Radioprotector-stimulated activation of synthesis
of deoxyribonucleotides in animal organs
Indralin administered to intact mice stimulated the
synthesis of deoxyribonucleotides more than 40^60%
of control in spleen and 60^80% of control in bone
marrow within 24 h (2; 3B, curve 3). Maximal value
of NDPR activity in bone marrow, more than 600%
of control, has been measured on the 6th day after
drug administration.
Fig. 3 shows the time-dependent changes of
NDPR activity in spleen of protected (Fig. 3A, curve
1) and non-protected mice (Fig. 3A, curve 2) irradi-
ated at 6.5 Gy. Indralin administration at 100 mg/kg
to mice 15 min prior irradiation at their LD 95=30
resulted in a 1.5-fold increase in spleen NDPR activ-
ity as compared with intact animals. High level of
radioprotector-stimulated NDPR activity was regis-
tered in spleen (Fig. 3A,curve 1) and bone marrow
(Fig. 3B, curve 1) of protected animals within the
time, when irradiation caused the essential suppres-
sion of NDPR activity (60% of control) in spleen
(Fig. 3A, curve 2) and bone marrow (Fig. 3B, curve
2) of non-protected animals. Similar e¡ects have
been observed for indometaphen (Table 2). The fa-
vourable e¡ect of indometaphen on the activity of
NDPR in spleen of intact mice was most manifested
5 days after its administration. It must be noted that
to get high animal survival, indometaphen should be
administrated to mice 5 days prior to irradiation.
Table 2
E¡ects of the radioprotectors on the activation of ribonucleotide reductase in mice spleen and bone marrow (Iexp/Icontrol)




Indralin, 100 mg/kg Spleen of mice 5 h 1.38 þ 0.16
24 h 1.58 þ 0.20
192 h 1.10 þ 0.16
Bone marrow 6 h 1.55 þ 0.15
24 h 1.80 þ 0.15
144 h 6.40 þ 1.50
192 h 3.85 þ 1.15
Indometaphen, 30 mg/kg Spleen of mice 120 h 2.30 þ 0.28a
144 h 2.69 þ 0.30
Indralin (100 mg/kg), and Q-irradiation, 6.5 Gy Bone marrow 96 h 1.64 þ 0.30
144 h 2.36 þ 0.40
Spleen of mice 192 h 2.79 þ 0.40
1 h 1.95 þ 0.04
6 h 1.55 þ 0.05
24 h 1.55 þ 0.05
48 h 1.45 þ 0.04
72 h 1.20 þ 0.05
Q-Irradiation
6.5 Gy Spleen of mice 3 h 0.78 þ 0.10
6 h 0.60 þ 0.06
12 h 0.60 þ 0.10
6.5 Gy Spleen of newborn rats 12 h 0.50 þ 0.18
10 Gy Spleen of mice 6 h 0.62 þ 0.10
6.5 Gy Bone marrow of mice 6 h 0.50 þ 0.18
24 h 0.42 þ 0.20
aThe optimal ribonucleotide reductase activity was observed on the 5th day after the administration of indometaphen to mice, and
this time has been chosen for the irradiation to get a high level of animal survival. Data are expressed as mean þ S.E. from 15 mice
(P6 0.01).
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Thus, during irradiation the NDPR activity was in-
creased more than twofold in comparison with the
value registered for control animals. A high level of
deoxyribonucleotide synthesis was maintained within
the post-irradiation period, when irradiation of non-
protected animals caused a suppression of NDPR
activity in spleen and bone marrow. We would like
to stress that indralin and indometaphen were given
to animals at di¡erent times prior to irradiation: 10^
15 min and 5 days, respectively. This regime of ad-
ministrations of the radioprotectors provided the
high animal survival (see Section 2.2). In both cases
the elevated level of dNTP in blood-forming organs
was kept during irradiation and in the early post-
irradiation period within 3 days. In addition, we
have found a protector-stimulated increase of DNA
and protein synthesis rates in organs of protected
animals (Fig. 2). The data presented in Table 3 illus-
trate the dependence of the extent of NDPR activa-
tion in spleen and bone marrow on the dose of the
radioprotector. In these experiments the radiopro-
tective e⁄ciency of di¡erent doses of indralin has
been assessed by the survival of mice of the
(CBAUC57BL)F1 strain given indralin per os (drug
pills) at dose of irradiation LD95=30 : 85% survival of
control at 100 mg/kg and only 10% survival at
20 mg/kg. The data obtained (Table 3) indicate
that within 0.5 h after irradiation of mice the extent
of the NDPR activation was independent of the dose
of indralin. The changes in NDPR activity can be
explained by reference to radiation-induced cellular
response. Beginning with 1 h, the use of 60 and
100 mg/kg indralin doses caused intensive radiopro-
tector-stimulated activation of NDPR (1.83 þ 0.15
and 1.95 þ 0.13, respectively). The elevated level of
NDPR activity in spleen of protected animals was
maintained within 3 days, in contrast to non-pro-
tected animals (0.68 þ 0.08). The increase of NDPR
activity in bone marrow cells of protected animals
was registered only for 100 mg/kg indralin dose on
the third day after irradiation. After 144 h this value
was 2.40 þ 0.30, in contrast to non-protected animals
(1.40 þ 0.12). A 60 mg/kg indralin dose caused a
small increase in NDPR activity.
4. Discussion
The results presented above have shown that irra-
diation of animals or treatment of animals with a
number of chemicals causes the rapid, transient and
short-time increase in the NDPR activity in high
proliferative bone marrow and spleen within 0.5^
1 h. Such activation of NDPR in organs suggests
that the enzyme, which is rate-limiting for DNA syn-
thesis, plays an important role in the cellular re-
sponse (SOS-type response) compared to treatment
with DNA-damaging agents [15]. The emergency ac-
Fig. 3. The changes in the EPR signal intensity of free radical
ribonucleotide reductase in spleen (A) and in bone marrow (B)
of mice (Iexperiment/Icontrol) : 1, after irradiation at 6.5 Gy of pro-
tected mice; 2, after irradiation at 6.5 Gy of nonprotected
mice; 3, after the injection of the radioprotector indralin to in-
tact mice. Indralin (100 mg/kg) was administered 10^15 min
prior to irradiation. Each experimental point was obtained as
the average value from organs of 17 mice from three independ-
ent experiments. The average value does not di¡er from individ-
ual value measured for each mouse by more than 15%. The in-
tact mice were chosen as the control animals.
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tivation of NDPR is prerequisite for the protection
of cellular genetic apparatus from damage. After the
appearance of radiation-induced DNA lesions, cells
in high and balanced pools of dNTP need to increase
the volume of repair. Since the accuracy of DNA
copying during repair and replication depends on
cellular pools of deoxyribonucleotides [10,11,20^22],
the supply of the four dNTP must be balanced and
continual. The disturbance in this process is the key
step in metabolic formation of new DNA lesions
[10,20,21]. We have found that the disruption of pro-
tein synthesis does not cause the SOS-type activation
of NDPR. We suppose that the radiation-induced
(the SOS-type activation) and radioprotector-stimu-
lated activations of NDPR in organs are di¡erent
processes. In reality, we observed the radiation-in-
duced activation of the enzyme shortly after irradi-
ation of animals, and this activation was prolonged
within 1 h, while indralin-induced activation in
spleen and bone marrow was started after indralin
injection and continued to increase during 3 days.
For indometaphen, we observed the increase in the
NDPR activity from 2 up to 8 days after per os
administration. Since the SOS-type activation of
NDPR in organs is observed shortly after irradia-
tion, when the initial activity of NDPR was as yet
unchanged, we believe that the activation of NDPR
is not a response to depletion of the deoxyribonu-
cleotide pools. The data obtained in experiments
with intact animals and di¡erent doses of indralin
Table 3
The time-dependent changes of ribonucleotide reductase activity in organs of mice given per os di¡erent doses of indralin 10 min prior
irradiation at 6.5 Gy
Dose of indralin (mg/kg) Post-irradiation time (h) Ribonucleotide reductase activity, Iexp/Icontrol
spleen bone marrow
0 0.5 1.19 þ 0.04
20 0.5 1.20 þ 0.04
60 0.5 1.22 þ 0.06
100 0.5 1.19 þ 0.03
0 1.0 1.20 þ 0.04
20 1.0 1.29 þ 0.10
60 1.0 1.83 þ 0.15
100 1.0 1.95 þ 0.13
0 6.0 0.68 þ 0.08 0.52 þ 0.12
20 6.0 1.30 þ 0.15 0.60 þ 0.10
60 6.0 1.56 þ 0.07 0.65 þ 0.07
100 6.0 1.55 þ 0.09 0.75 þ 0.06
0 24.0 0.68 þ 0.05
20 24.0 0.71 þ 0.06
60 24.0 1.35 þ 0.07
100 24.0 1.55 þ 0.15
0 72.0 1.04 þ 0.04 0.71 þ 0.10
20 72.0 1.29 þ 0.08
60 72.0 1.20 þ 0.07
100 72.0 1.95 þ 0.13 1.20 þ 0.05
0 144.0 0.91 þ 0.09 1.40 þ 0.12
20 144.0 1.10 þ 0.18 1.48 þ 0.07
60 144.0 1.05 þ 0.11 1.52 þ 0.10
100 144.0 1.05 þ 0.07 2.40 þ 0.30
Data are expressed as mean þ S.E. of 12 mice. 620 mice were used in experiments.
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support this conclusion. Therefore, we think that
DNA damage in high proliferative organs of irradi-
ated animals is the stimulus for the SOS-type activa-
tion of NDPR. Earlier, it was shown [6,7] that DNA-
damaging agents (UV, chlorambucil) induced the ex-
pression of NDPR in mouse cells. Elledge and Davis
[2], in experiments with yeast cells, observed DNA
damage induction of NDPR in response to di¡erent
DNA-damaging agents. Gene ampli¢cation has been
detected several hours after treatment of cells with Q-
irradiation or with one of several DNA-damaging
chemical agents [2,23,24]. We regard the early radia-
tion-induced activation of NDPR in organs as the
marker of the expression of SOS-genes for complex
of protein factors participating in the emergency re-
pair of DNA lesions. A deep prolonged inhibition of
the enzymes’ activity following the SOS-type activa-
tion (Figs. 1 and 3) caused a nucleotide starvation. In
this case the inducing signals for the development of
adaptive recovery of NDPR may be a depletion of
the deoxyribonucleotides and an imbalance in the
nucleotide pools, which promote the metabolic for-
mation of new DNA lesions. The SOS-type activa-
tion of DNA precursor synthesis to a wide variety of
chemicals is similar to that induced by a radiation
e¡ect. The administration of radioprotectors to ani-
mals caused the increase in NDPR activity in organs
during the early post-irradiation time when irradia-
tion of non-protected mice resulted in the essential
prolonged suppression of NDPR activity (Fig. 3). As
result of this activation of NDPR, the increase in the
volume of repair is to be expected. Besides, the high
and balanced pools of dNTP prevents metabolic for-
mation of new DNA lesions. It is reasonable to think
that high animal survival observed in our experi-
ments is due to the protector-stimulated activation
of DNA precursor synthesis as well as DNA and
protein synthesis in animal organs. These e¡ects of
radioprotectors are the most important in the pro-
tective mechanism of their actions.
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